Objective: Several studies, mainly in animals, but also in humans, have shown that diet in infancy is associated with differences in blood cholesterol concentrations later in life. The objective was to examine this relationship in children aged 5 ± 11 y after taking into account their current diet and parental hypercholesterolemia. Setting and subjects: 251 prepubertal boys and 223 prepubertal girls enrolled in the schools in two little towns in northern France. Design and methods: Cross-sectional evaluation including measurements of cholesterol concentrations on capillary blood and a single weekday food intake record. Infant feeding patterns were obtained by questionnaire given to the mothers Results: 50% of the children had been breast-fed for a median duration of less than 2 months. Cow's milk was introduced in the diet as whole milk for 33% of the children. After adjustment for age, height, and sibship, capillary cholesterol concentration was lower in boys who had been breast fed (geometric mean: 4.4, 95% con®dence interval of the mean: 4.2 ± 4.6 mmolaL) than in those fed with formula (4.7, 4.5 ± 4.8 mmolaL, P`0.03). In girls, breastfeeding had no signi®cant effect on blood cholesterol concentration, which was associated with the type of cow's milk given in infancy: whole milk: 4.9 mmolaL (4.7 ± 5.2); totally or partially skimmed milk: 4.5 mmolaL (4.2 ± 4.6), P`0.008. The current saturated fat and cholesterol intakes and parental hypercyholesterolemia were associated with current blood cholesterol concentration in children, but did not modify its relationship with infant feeding patterns. Conclusion: Results of the present study suggest that diet in infancy may have longstanding effect on lipid metabolism.
Introduction
Several studies, mainly in rats and baboons, have shown that diets in infancy are associated with differences in blood cholesterol concentrations later in life. Some epidemiological studies have suggested that this may also be the case in humans (Bergstro Èm et al, 1995; Fall et al, 1992; Fomon et al, 1984; Kolacek et al, 1993) . However, none of the human studies have taken into account the current diet of the subjects, parental hypercholesterolemia or when performed in children, the pubertal status. These factors are all associated with plasma cholesterol concentration in children (Berenson et al, 1981; Glueck et al, 1982; Morrison et al, 1980) and are potential confounders of relationship. As part of the Fleurbaix Laventie Ville Sante Â study, data were available for 474 prepubertal children aged 5 ± 11 y for whom informations on infant diet have been collected. The analysis reported here was undertaken to evaluate whether there was an association between infant diet and blood cholesterol concentration in these prepubertal children and whether this association was in¯uenced by the current diet of the children or by parental hypercholesterolemia.
Subjects and methods

Subjects
The`Fleurbaix Laventie Ville Sante Â' survey is an epidemiological study on the relationships between nutrition and health in two small towns of northern France: Fleurbaix and Laventie (Lafay et al, 1998) . The index population of the study was de®ned as all the children enrolled in the last section of preschool and in primary school (all grades) in Fleurbaix and Laventie, which amounted to 827 children aged 5 ± 11 y in 1992a1993. These children belonged to 579 different families and all members (parents, children) were asked to participate in a nutritional survey and in clinical and biological examinations.
Data collection
The clinical and biological examinations of the children started in 1992. School physicians specially trained for the study examined the 827 children at school (participation rate: 100%). The examination comprised measurements of height, weight, waist, hip and brachial circumferences. The relative weight (%) was calculated as the ratio of the current child's weight to a reference weight derived from a large number of children of the same sex, age and height published in a table by the World Health Organization (Jellife, 1966) . The pubertal development was assessed by the Tanner classi®cation.
The biological examination was also performed at school in the 790 children who had, with their parents, consented to it. For each school, on a de®ned day, all the children were asked to come fasted in the morning. The biological test consisted in the determination of glucose, cholesterol and triacylglycerol concentrations on capillary blood with a Re¯otron 1 device (Boehringer Mannheim, Mannheim, Germany). The Re¯otron 1 needs 30 ml of capillary blood and give a result in about 3 min. The measurements with Re¯otron 1 have been validated against classical biological measurements in a multicentered study (Price & Koller, 1988) . The Re¯otron 1 is not able to detect blood triacylglycerol concentration under 0.8 mmolaL. Systematic quality checking of the device was performed at the beginning of each examination day.
The parents of the children were also invited to a clinical examination which was performed by their general practitioners or in centers specially set up for the study in town halls. They were asked whether they were taking a treatment for dyslipidemia and their cholesterol concentration was checked on capillary blood with the Re¯otron 1 . Parental hypercholesterolemia was de®ned by either being treated for dyslipidemia or by a capillary blood cholesterol b 6.6 mmolaL (250 mgadl).
Data on infancy (birth anthropometry and feeding patterns) were obtained for 587 children by a questionnaire given to the mother (see Appendix 1). This questionnaire was completed with the help of the`carnet de sante Â, a booklet given to the parents at the child's birth, where all the health information were recorded by health professionals. The children of the mothers who did not ®ll in the questionnaire were older (8.4 vs. 7.8 y, P`0.001) but had similar mean relative weight and cholesterol concentration, and sex ratio than the others.
Current nutritional data were obtained by a nutritional survey performed in 1993 which included, for the children, a dietary record performed on a single out-of-school day. All the food was recorded with household measures. A trained dietician checked all information with the family during a home visit, then coded the type of foods consumed and converted the households measures to grams or milliliters. Nutrient intake was calculated using the French food composition tables,`Re Âpertoire ge Âne Âral des aliments' (Feinberg et al, ) , and the McCance and Widdowson's food composition tables (Paul AA et al, 1978) . The complete description of the dietary data of the children and their parents has been published (Lafay et al, 1998) .
Because there was too few pubertal children (n 37) to correctly account for the changes in serum cholesterol associated with puberty, the analysis was restricted to the 474 prepubertal children (Tanner stage 1), aged between 5 and 11 y, born at term ( ! 37 weeks of amenorrhea) who had the clinical and biological examination. Three hundred and seventy two of these children participated in the nutritional survey. Their mean age, relative weight and cholesterol concentration and the sex ratio were similar to that of children who did not participated. Data on paternal and maternal hypercholesterolemia were available for respectively 291 and 341 children.
Statistics
The analysis was performed using the SAS software (Cary, NC, USA). Cholesterol concentrations were analyzed after logarithmic transformation because of a skewed distribution. Univariate comparisons were made by t-test and w 2 tests for continuous and categorical variables respectively.
Multivariate regressions were done with a mixed model (PROC MIXED procedure of SAS, SAS Institute, Cary, North Carolina) to take into account the familial relationships between some of the children: the covariates were declared as ®xed variables and a family varying parameter was introduced for the intercept. However, because there were no large sibships in our data set, similar results were found for the covariates with or without introducing this family varying parameter. Logistic regression was used for categorical variables.
Ethic
The study had received the approval of the ethical committee of Lens. The consent of the parents was necessary for participation of the children. The computer ®les had been declared to the`Commission Nationale Informatique et Liberte Â' which checks the absence of nominative information in the ®les and protects subjects from disclosure of the content to any unathorized person.
Results
Description of the population
The clinical and biological characteristics of the children are given in Table 1 . Their mean age was 8 y. Boys and girls were similar except for birth weight and height, and waist to hip ratio which were signi®cantly lower in girls, and triacylglycerol concentrations which were signi®cantly higher in girls. Plasma cholesterol concentration was sig- Infant-diet and blood cholesterol in children S Plancoulaine et al ni®cantly associated with neither age nor height or relative weight in this group of prepubertal children. The percentage of children who were breast-fed at birth and the successive type of milk received during the infancy were similar in boys and girls (Table 2 ). Duration of breastfeeding (range: 0 ± 8 months) was not different between boys and girls: it was less than two months for 55 % of the breast-fed children. Cow's milk was introduced as whole, totally or partially skimmed milk for respectively 36, 3 and 31 % of the children, before 6 months for one third of them, and before 1 y for an other third.
Clinical and biological characteristics depending on infant feeding patterns Breast-fed boys had lower capillary blood cholesterol concentration (4.4 vs 4.7 mmolaL, P`0.03) (Table 3 ), whatever the breast-feeding duration (results not shown).
The other clinical and biological parameters were not signi®cantly different between the children who had been breast-of formula-fed.
Similarly, blood cholesterol was the only variable signi®cantly associated with the type of cow's milk given in infancy. This was seen in girls only (Table 3) . The capillary cholesterol concentration was higher in girls who were fed in infancy with whole milk than in those who were fed with half-skimmed or totally skimmed milk (4.9 vs 4.5 mmolaL, P`0.008).
Current dietary intake Mean total energy intake were 8895 kJ (2122 kcal) in boys and 7869 kJ (1897 kcal) in girls with a mean lipid intake of respectively 38 and 39 % of the total energy intake. There was no association between current dietary intake and infant feeding patterns except for a higher current intake Number of children with complete 2-y information about infant feeding.
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Totally or partially skimmed milk. Taking into account familial relationships.
Infant-diet and blood cholesterol in children S Plancoulaine et al in polyunsaturated lipids in girls who had been formula-fed at birth (1.7 vs 1.4 gaMj, (7.2 gaMcal vs 5.9 gaMcal, P`0.03). The association between current blood cholesterol concentration and current dietary consumption was analyzed. Capillary blood cholesterol concentration tended to be associated with saturated fat intake in boys and with cholesterol intake in girls (after adjustment for age, height, and familial link: P`0.13 and P`0.09, respectively). Taking into account the current saturated fat and cholesterol intakes did not greatly modify the association between blood cholesterol concentration and breast-feeding in boys (4.4 vs 4.6 mmolaL, P`0.09), or type of cow's milk given in infancy in girls (4.4 vs 4.8 mmolaL, P`0.04).
Parental hypercholesterolemia
Paternal hypercholesterolemia (35% of the fathers) were associated with higher capillary cholesterol concentration in girls (P`0.03) and in boys (P`0.12) (Figure 1 ). Although there was a similar trend for maternal hypercholesterolemia (16% of the mothers), the relationships with the child's cholesterol concentration were not signi®cant (Figure 1) . The relationships between the child's cholesterol concentration and infant feeding pattern remained signi®cant after adjustment for paternal hypercholesterolemia and there was no suggestion that these relationships were different in children with or without paternal or maternal hypercholesterolemia (no signi®cant interaction).
Discussion
We have shown that infant feeding patterns are related to prepubertal blood cholesterol concentrations. The relationship was different in boys and in girls. Blood cholesterol concentration was associated in boys with the type of milk given at birth (breast vs formula feeding), while in girls it was with the type of cow's milk given in infancy (whole vs skimmed milk). These associations were similar in children with or without parental hypercholesterolemia.
Our evaluation of the diet of the children was based on a single out-of-school weekday food record. However, even with this imprecise estimate, relationships between current saturated fat or cholesterol intake were seen with current capillary cholesterol concentrations, but not with diet in infancy. Thus, the mothers who had breastfed their children did not appear to feed their 5 to 11 year-old children a different diet than those who had bottle-fed them. However, our methodology of the child's current diet assessment does not allow ®rm conclusions.
There are arguments in the literature for possible effects of intra-uterine or infant environmental on programming lipids metabolism later in life. The most convincing evidence of longstanding effects of nutrition in infancy on blood cholesterol concentration comes from animal studies performed in rats, rabbits, guineapigs or baboons (Coates et al, 1983; Hahn & Koldovski, 1976; Hulbron et al, 1982; Li et al, 1980; McGill et al, 1996; Reiser & Sildlerman, 1972; Whatley et al, 1981) . The most comprehensive animal data come from different experiments in baboons (McGill et al, 1996) . In these experiments, breastfeeding has consistently shown long term effect on cholesterol when compared with feeding by formula differing by their contents in cholesterol or polyunsaturated to saturated fat ratio. Interestingly, when the different formula were compared the amount of cholesterol or the type of fat received in infancy had immediate but no late effect on cholesterol metabolism. Breastfeeding resulted in lower HDL cholesterol and in some experiments, lower total cholesterol concentrations in adult baboons. The authors investigated the mechanisms of these differences and found that, more than one and half year after weaning, breastfed baboons had a 25% lower bile acid synthetic rate and a 44% higher hepatic LDL receptor mRNA concentration than those formula-fed (Mott et al, 1995) .
In contrast to animal studies, the evidence that neonatal diet could in¯uence subsequent cholesterol homeostasis is scarce in humans with several negative studies (Anderson et al, 1979; Friedman & Goldberg, 1975; Hodgson et al, 1976; Huttunen et al 1983) . It should be remembered, however, that the animal studies are experiments whereas all the human studies are observational, and therefore subject to bias. With this respect, it is noteworthy that the ®ve large-scale studies, of which four including ours (Bergstro Èm et al, 1995; Fall et al, 1992; Kolacek et al, 1993 ) have a population-based recruitment, are all positive. In the east-Hertforshire cohort of men born in 1920 ± 1930 (Fall et al, 1992) , for whom information on diet in infancy had been systematically recorded and are still available, 485 subjects had lipid measurements at a mean age of 64 y. Those who had been breastfed less than one year had lower total cholesterol and LDL-cholesterol concentrations than those bottle fed or breastfed for more than one year, as well as higher death rates from coronary heart disease. Bergstro Èm et al 1995) studied 879 14-y and 17-y old adolescents from schools in Umea Ê (Sweden), chosen to represent different living areas. Infant feeding regiments were collected from birth registers, and records of child clinics and school health services. Total cholesterol and apoB concentrations were lower in those who were breastfed more than 6 months compared to those bottle-fed or with shorter duration of breastfeeding. In Croatia, 465 subjects, from a cohort of children examined between 3 months and 3 y of age, could be traced at adult age (Kolacek et al, 199316 ) . There was a negative relationship between duration of breast-feeding and adult total cholesterol concentration, signi®cant in multivariate analysis in men and only in univariate analysis in women. Fomon and colleagues Figure 1 Mean capillary cholesterol concentration in boys and girls by paternal (left) and maternal (right) hypercholesterolemia.
Infant-diet and blood cholesterol in children S Plancoulaine et al (Fomon et al, 1984) reexamined at the age of 8 y almost all of 470 children who have participated in a study between 8 and 112 d of life where diet information had been recorded. Although the difference was not signi®cant, the total cholesterol concentration of boys was lower in those who had been breastfed during the infant study period (4.09 vs 4.22 mmolaL for those bottle-fed, P 0.13). Similarly to the present study, there was no effect of breast-feeding in girls. Besides a role for infant nutrition, it has also been suggested that impaired growth during late gestation, and especially impaired liver growth as estimated by small waist circumference, (Barker et al, 1993) is associated with raised serum cholesterol concentration later in life. We did not ®nd any signi®cant association between birth weight and cholesterol concentration in our prepubertal children but we did not have data on abdominal circumference. Although there are some inconsistencies, all these results led to the hypothesis that there is a potential for events occuring in utero or in early infancy in programming lipids metabolism. As suggested by animal experimentation, the possible mechanisms could involve a permanent change in the activity of key enzyme implicated in lipid metabolism (Duff & Snell, 1982) or in the production rate of receptors such as the LDL receptor (Mott et al, 1995) . Therefore, this programming may preferentially affect some lipid sub-fractions which can potentially explain weak and sometimes unsigni®cant associations with total cholesterol.
Infant feeding usages vary with time within country and between countries, which probably explains some of the differences between studies. In most studies including ours, the assessment of the infant diet was retrospective and not available for everyone, therefore subject to biases. However, it is noticeable that, in spite of these drawbacks and of the numerous factors implicated in the variance of blood cholesterol concentration, several studies have found associations between cholesterol concentrations and dietary characteristics of the subjects years before. We could not ®nd any published data about an association between the type of cow's milk given in infancy and the cholesterol at an older age to con®rm our results in girls. We have no explanation for the sex-speci®c effects in our study, except that lipids metabolism may be different between sexes even at this young age.
A tracking of blood cholesterol concentrations between childhood and young adulthood has been documented (Porkka et al, 1994; Webber et al, 1991) . Early prevention of atherosclerosis is a public health concern and the US National Cholesterol Education Program has recommended diet intervention in children with high blood LDL-cholesterol level (Expert Panel on Blood Cholesterol in Children and Adolescents, 1992) . This indicates that factors in¯uencing cholesterol concentration in children are of clinical relevance.
In conclusion, results of the present study suggest, with others from four large scale epidemiological studies, that, in humans, diet in infancy may lead to a longstanding and sex-dependent programming of lipids metabolism, as observed in animals. In addition to the previous studies, ours shows that the association between diet in infancy and blood cholesterol concentration seems independent of parental hypercholesterolemia and, maybe, of the current diet of the children, although we can not ®rmly conclude on the latter point. Speci®c studies investigating this phenomenon in humans should be designed for con®rmation and assessment of the clinical impact.
Questionnaire: Feeding patterns in the ®rst years of life 1) Breast-feeding: a) Did you breast-feed your child? (no, yes, do not know) b) If yes, how old was your child when you de®nitely stopped breast-feeding? (In months) 2) Formula milk (powder milk for babies) a) Did you give formula milk to your child? (no, yes, do not know) b) If yes, how old was your child when you ®rst fed him formula milk? (In months) 3) Cow's milk (from farm or shops) a) How old was your child when you ®rst feed him cow's milk? (less than 6 months, more than 6 months but less than 1 year, more than 1 year but less than 18 months, 18 months and more, do not know) b) When you ®rst fed your child cow's milk (power, liquid or concentrate), was it whole milk, partially skimmed milk, totally skimmed milk, or do you not know? 4) How old was your child when you ®rst fed him? a) baby¯our (in months) b) meat, ®sh (in months)
